Introduction
Infective endocarditis is a serious complication of valve replacement and has been reported in 1-6% of patients with valve prosthesis. Despite improvement in medical treatment and surgery, prosthetic valve endocarditis (PVE) still carries a high mortality. 1, 2 Echocardiography plays a key role in the diagnosis of PVE, but perivalvular infection can be difficult to confirm only with echocardiography. Identification of perivalvular infection is of paramount importance, because these patients have a higher mortality in the absence of surgical intervention. 3 When an abscess or extensive perivalvular infection is present, cardiac surgery is recommended, 4 but is complex and associated with high mortality. 5 Indeed, the surgery consists of withdrawal of infected material, resection of infected tissues, and exclusion of abscesses from the bloodstream. 6 Cardiac surgeons are, therefore, not in favour of redo surgery when the diagnosis is not definite. More than 20 years after being approved for clinical use, radiolabelled leucocyte imaging remains the radio-nuclide procedure of choice for the diagnosis of bacterial infection. 7 Accuracy of leucocyte scintigraphy (LS) has been demonstrated for the detection of prosthetic joint infection, 8 acute osteomyelitis of diabetic feet, 9 vascular graft infection, 10 or circulatory assistance device infection. 11 In addition, several cases 12 -15 of detection of cardiac abscesses with LS have been previously described. LS has been performed for 8 years in our institution to help clinical decision for patients with a suspicion of PVE. The aim of this retrospective study was to evaluate the potential of LS in 42 patients admitted for a suspicion of PVE and inconclusive transoesophageal echocardiography (TEE).
Methods

Patient characteristics
Between September 2004 and December 2011, LS were performed in 42 patients implanted using valve prosthesis, patch, or aortic tube and admitted in Bichat University hospital for a suspicion of PVE and inconclusive TEE. Patients implanted with stimulation devices, vascular prosthesis, or left ventricular assist devices, and patients with complicated PVE requiring urgent surgery, were excluded from this study. The institutional review board approved the study. Clinical characteristics of the patients, modified Duke criteria, 16 and the results of LS were retrospectively collected for each patient. All patients underwent initial TEE with a multi-planar probe performed by an expert echocardiographist. Vegetation was defined as a localized mass of shaggy echoes adherent to a valve leaflet or prosthetic material with a distinctive erratic motion. Circular area of reduced echo density without inner flow was defined as an abscess. When the flow into these perivalvular cavities was detected, the lesion was defined as a pseudo-aneurysm. In the absence of a well-defined area of hypodensity on echocardiography, this aspect was classified as perivalvular thickening by echocardiographist. Echocardiography was considered inconclusive when the presence and extension of PVE remained uncertain based on the morphological aspects detected by TEE.
Radiolabelling of leucocytes
Labelling of leucocytes with 99m technetium was performed as recommended. 17 Briefly, 50 mL of whole blood was withdrawn from the patient into a syringe containing 10 mL of acid-citrate-dextrose (ACD) anticoagulant solution. Cell-free plasma was isolated by centrifugation at 2000 rpm of 15 mL of the blood-ACD solution. For the isolation of leucocytes in the remaining 45 mL of the blood-ACD solution, erythrocytes were allowed to sediment for 45 min with the aid of 7.5 mL high-molecular-weight gelatine. Leucocyte-rich plasma (LRP) was collected and centrifuged at 1000 rpm for 5 min. After the removal of platelet-rich plasma (PRP), the mixed-leucocyte pellet was re-suspended in 1 mL of LRP. Granulocytes were then isolated from leucocytes by gradient centrifugation. For granulocyte radiolabelling, hexamethyl propylene amine oxime (HMPAO; Ceretec; Amersham Healthcare, Arlington Heights, IL, USA) was labelled with freshly eluted 99m technetium (800 MBq) and incubated for 15 min with granulocytes. Radiolabelled granulocytes were separated from HMPAO by a first centrifugation in the presence of PRP at 4000 rpm for 10 min and a second centrifugation in the presence of plasma at 2000 rpm for 5 min. Labelling efficiency was measured by calculating the percentage of the radioactivity of the pellet from the radioactivity of the pellet and supernatant. Labelling efficiency was considered as adequate if .40%. Cells were then re-suspended in plasma and injected directly and slowly in a vein of the patient. The average radiation dose associated with the injection of radiolabelled leucocytes is evaluated at 8 mSv.
Imaging protocol
Scintigraphy acquisitions were performed 4 and 24 h after the injection of radiolabelled leucocyte. All images were acquired using a SPECT/CT system (VGH; GEMS). Antero-posterior and oblique planar acquisitions were obtained over the chest at 4 and 24 h after the injection of radiolabelled leucocytes (low energy high resolution collimators; matrix size, 256 × 256; energy window centred at the 140 keV photo-peak of 99m technetium using a width of 20%; acquisition time for each planar acquisition of 900 s at 4 h, 1200 s at 24 h). A duration of 20 min for planar acquisitions performed at 24 h was found as a good compromise between image quality and total imaging time that could be acceptable for severely ill patients. SPECT/CT was performed over the thorax at 4 and 24 h after the injection. A single-slice CT was first acquired over the thorax with a tube current of 120 kV and an intensity of 2.5 mA (CDTI ¼ 4.1 mGy; dose length product ¼ 164 mGy.cm; estimated radiation dose ¼ 2.4 mSv) followed by a 3608 SPECT acquisition (matrix size, 128 × 128; 120 projections; 60 s/projection). Images were reconstructed using an ordered subset expectation maximization algorithm with a Butterworth filter, a cut-off frequency of 1.35 cycles/cm, and eight iterations without attenuation correction. Transverse, sagittal, and coronal slices of SPECT data were merged with CT and interpreted on a dedicated workstation (Xeleris; GEMS).
Interpretation criteria
Planar and SPECT/CT acquisitions were analysed by experienced nuclear medicine physicians. Scintigraphy was classified as positive when foci of the labelled leucocyte uptake greater than the background activity were detected in the cardiac area and increased over time. When the contrast between the uptake of radiolabelled leucocytes and the background signal was decreasing on the acquisition performed 24 h after the injection, the signal was considered as non-specific. In addition, uptake of leucocyte on the acquisition performed 24 h after the injection was classified as mild, when the activity was limited to a small area and close to the background signal, and intense, when leucocyte accumulation was readily detectable. The results of scintigraphy were communicated to the clinician and integrated in patients' care. A sub-group of LS (n ¼ 24) was randomly selected and analysed initially and 3 months later by a first reader (F.H.) to evaluate the intra-observer agreement rate and by a second reader (K.B.) for the inter-observer agreement rate.
Outcome of the patients
For patients who underwent surgery after LS, aspects observed by the cardiac surgeon during the intervention by visual inspection were included in his final report and collected. An abscess was defined as a region of necrosis containing purulent material that had no communication with the cardiovascular lumen. A 'pseudo-aneurysm' was defined as a perivalvular cavity that had communication with the cardiovascular lumen. In addition, bacterial and pathological studies were performed on the prosthetic material and surrounding tissues.
Role of radiolabelled LS in PVE
In patients with initial positive LS who did not undergo surgery, LS was repeated at the end of antibiotherapy. Patients who did not undergo cardiac surgery were contacted by phone and interviewed for the presence of recurrent fever, endocarditis, or cardiac intervention. In this case, final reports of patients' admission were collected.
Impact on patient management
Patients were divided into four groups based on the classification of patients with modified Duke criteria before LS and analysis of TEE: patients with definite endocarditis and a suspicion of perivalvular infection by TEE, patients with definite endocarditis without any perivalvular infection detected by TEE, patients with possible endocarditis, and patients with rejected endocarditis. Patient classification was re-evaluated with the results of LS and compared with the final Duke classification after surgery or with patient outcome.
Statistical analysis
Results are expressed as mean + standard deviation when the number of patients was .25 and as median and minimal/maximal values when the number of patients was ,25. Statistical analysis was two-sided and performed using the MedCalc software. A value of P , 0.05 was considered as significant. Comparisons between patients with positive and negative LS were performed with a non-paired Student's t-test. Intraand inter-observer agreement rates were evaluated with a x 2 test.
Results
Patient characteristics
Eight female and 34 male patients aged 58 + 14 years underwent LS. Detailed patient characteristics are summarized in Tables 1  and 2 . Patients with positive LS had similar clinical and echocardiographic characteristics when compared with patients with negative LS ( 
Outcome of patients with positive LS
Among the 42 consecutive patients who underwent LS, 14 patients (33%) were judged positive ( Figure 1 ). Intense accumulation of radiolabelled leucocytes was detected with scintigraphy in nine patients, and mild accumulation of leucocytes in five patients. Intra-observer (kappa ¼ 1) and inter-observer (kappa ¼ 0.83) agreement rates for the interpretation of LS were excellent. A discrepancy in LS interpretation occurred in only one patient: LS was classified as normal by the first observer and positive with mild accumulation of leucocytes by the second observer. Clinical outcome of this patient was favourable under antibiotherapy. Patients with intense signal by LS Among the nine patients with intense leucocyte accumulation by LS (Figure 2 ), six patients underwent cardiac surgery. Intraoperative view confirmed the presence of abscesses in five patients. The only patient judged free of an abscess during cardiac intervention had a persistent thickening of the aortic ring with TEE performed after intervention, suggesting an abscess not seen during intervention. In patients with positive LS who underwent surgery, the positive predictive value of diffuse signal with LS for the presence of an abscess was 100%. The three remaining patients were deemed nonoperable and treated medically. One patient died 8 months after LS from a septic shock complicating an abscess. One patient presented 2 years later a recurrent endocarditis with the same micro-organism and the presence of an abscess in the area where radiolabelled leucocyte accumulated initially on the first LS. One patient remained asymptomatic, but developed pseudo-aneurysm and extensive prosthetic valvular dehiscence 2 months later. Among these nine patients with an intense signal by LS, TEE had been classified as compatible with PVE in six patients with the presence of perivalvular thickening (n ¼ 2), thickening around the aortic tube (n ¼ 3), or neocavity without any perivalvular thickening (n ¼ 1). In the three remaining patients without any aspect suggestive of endocarditis by TEE, radiolabelled leucocytes accumulated in front of a cardiac patch (n ¼ 1), a patch placed at the origin of the pulmonary trunk in contact with homograft valve (n ¼ 1), and at the distal anastomosis of an aortic tube (n ¼ 1). In addition to TEE and LS, cardiac computed tomography angiography (CTA) was performed in three patients and cardiac magnetic resonance (CMR) imaging in two patients. Perivalvular infections could not be detected in the three patients who were imaged with cardiac CTA. Pseudo-aneurysms were evidenced in the two patients imaged with CMR, but the presence of infection could not be confirmed based only on this imaging modality.
Patients with mild signal by LS
The five patients with mild signal by LS ( Figure 3) were all treated medically with antibiotics according to guidelines. LS was repeated at the end of the antibiotherapy and showed in the five patients complete regression of the initial signal detected with the first scintigraphy. One patient developed, however, a large pseudo-aneurysm complicated by valvular dehiscence 59 days after the first scintigraphy and was operated. Intra-operative view showed the presence of pseudo-aneurysm causing valvular dehiscence, but no abscess. Valve culture remained negative. Role of radiolabelled LS in PVE patients were treated medically and did not present any recurrent endocarditis after a median follow-up of 14 months (3-37 months; Figure 3 ).
Outcome of patients with negative LS
Among the 24 patients with negative LS, 3 patients underwent cardiac surgery. One patient had an aseptic extensive valvular dehiscence. One patient had a mild para-prosthetic leak owing to the single stich breakage without any abscess. Valve infection was, however, confirmed by polymerase chain reaction. One patient had a sterile drained abscess. The negative predictive value of LS for the presence of an abscess in patients who underwent surgery was 100%. Among the 22 remaining patients, 16 patients were treated as PVE by antibiotics according to the guidelines. None of the 22 patients presented a recurrent endocarditis after an average follow-up of 15 + 16 months.
Impact of LS on patient management
Among patients with definite endocarditis and a suspicion of perivalvular infection (n ¼ 5), three had negative LS (Figure 4) . One patient was operated and had a single stitch breakage without any abscess; the remaining two patients had a favourable outcome after antibiotherapy. Among patients with definite endocarditis without any perivalvular infection detected by TEE (n ¼ 10), four patients had an intense signal by LS, corresponding to an abscess confirmed peroperatively in three patients. The remaining patient was treated medically and developed an extensive valvular dehiscence.
Among patients with possible endocarditis (n ¼ 19), four patients had an intense signal by LS, corresponding to an abscess confirmed per-operatively in three patients. The remaining patient was treated medically but developed a lethal septic shock complicating an abscess.
Among patients with rejected endocarditis (n ¼ 8), one patient had an intense signal by LS in front of a patch placed on the pulmonary artery trunk. This patient was treated by prolonged antibiotherapy according to the guidelines, but presented a recurrent endocarditis with an abscess 2 years later.
In summary, LS helped to identify in nine patients with a suspicion of PVE, the presence of perivalvular complications, or patients with a poor outcome under medical treatment. In addition, LS allowed us to exclude in three patients with a suspicion of perivalvular infection the presence of an abscess. Hence, LS could have influenced patient management in 12 out of 42 patients (29%).
Discussion
In patients with cardiac material, usual aspects of endocarditis detected by echocardiography are less often present. In particular, discrimination between haematoma and abscess, thrombus and vegetation, drained abscess and aseptic valvular dehiscence can be difficult based only on morphological aspects detected by echocardiography. Radiolabelled LS has previously demonstrated a good accuracy for the detection of abscesses 18 and infection of vascular prosthetic material. 10 Hence, imaging of leucocyte activity could help to identify infection in these situations and to guide indications for cardiac surgery. In patients with positive LS who underwent surgery, the positive predictive value of intense signal with LS for the presence of an abscess was 100%. In contrast, none of the patients with a negative LS and treated medically presented a recurrent endocarditis during the follow-up. LS seems, therefore, 
Patient selection for LS
Patients imaged by LS in this study represent only a selection of patients admitted in our institution for PVE. Patients with PVE complicated by perivalvular infection were not imaged with LS because they required most often urgent surgery and would not benefit of this imaging. The main reasons as to why patients with prosthetic material were referred for LS were the presence of an infectious syndrome and/or echocardiographic aspects compatible with perivalvular infection. LS helped to guide clinical management of these patients in two different situations. First, LS helped to exclude extensive perivalvular infection in patients with definite endocarditis and to prevent redo surgery. These patients had a favourable outcome under medical treatment. Secondly, LS allowed for the identification of complications of PVE such as abscesses and perivalvular infection, which had not been detected with TEE, with an excellent positive predictive value. In a recent study, 19 LS has been evaluated in 131 patients with a suspicion of native or prosthetic endocarditis. Similar to our study, LS was found particularly helpful in the case of inconclusive echography, which most frequently involved patients with massive valvular calcifications or cardiac prosthesis. In addition, septic embolisms could be evidenced with LS and represented an additional hint in favour of active endocarditis. LS should, however, not be considered as a gold standard for the diagnosis of endocarditis in patients with prosthetic material, but rather as an additional useful imaging technique for the identification of perivalvular infection and abscesses.
Patient outcome after LS
In this study, patient outcome was different depending on the presence and intensity of the signal detected with LS. The intensity of the signal detected with LS stems from both local infectious activity and its extension. These two parameters are particularly relevant in patients with PVE. First, LS was performed on an average 21 days after the initiation of antibiotherapy. Persistence of significant radiolabelled leucocyte accumulation at this time point could, therefore, represent an accurate marker of locally uncontrolled Figure 2 Representative example of a patient with intense signal by LS. A 50-year-old man was admitted for pleuro-pneumonia and meningitis associated with septicaemia with Pneumococcus. The patient had a history of bicuspid aortic valve with severe aortic stenosis and aneurysm of the ascending thoracic aorta operated by aortic valve replacement with mechanical prosthesis and replacement of ascending aorta 5 years earlier. TEE showed the presence of a 20-mm-large heterogeneous thickening around the aortic tube (A, white arrowheads). Diffuse accumulation of radiolabelled leucocyte along the aortic tube was detected in the cardiac area (white arrowheads) on anterior (B) and oblique (C ) planar scintigraphic acquisitions and co-localized with the aortic tube (red crosses) on axial (D), coronal (E), and sagittal (F) views of reconstructed fused SPECT/CT images. Based on the results of cardiac echography, LS, and the persistence of biological inflammatory syndrome after the initiation of antibiotic treatment, the patient underwent redo surgery with the excision of all the material. Intra-operative analysis confirmed the presence of pus around the aortic tube and partial dehiscence of the proximal anastomosis of the tube.
infection. Indeed, the sub-group of patients with a mild activity on the first LS, which disappeared on the second LS, had a favourable outcome. Secondly, development of severe prosthetic dehiscence requiring cardiac surgery is in close relationship with the extension of perivalvular infection. Indeed, LS seems more accurate than echocardiography to evaluate the extension of infection in perivalvular regions. Taken together, these two points could explain why patients with intense activity by LS and treated medically had a poor outcome in this study.
Alternative imaging techniques for the detection of infection
CTA and CMR imaging offer 3D high-resolution images and have proved useful for the detection of perivalvular infection. Using CTA, the presence of abscesses and pseudo-aneurysm could be identified in patients with endocarditis with a good accuracy. 20 The role of CMR for the detection of perivalvular infection is, however, less documented than CTA. 21 -23 In this study, neither CTA nor CMR was able to identify the presence of perivalvular infection in five patients. This result deserves several comments. First, patients may have been addressed for LS because CTA or CMR was inconclusive. Secondly, only patients with PVE were evaluated in this study. The presence of prosthetic material may alter image quality in this specific group of patients. Thirdly, only morphological aspects can be identified with CTA and CMR and might be not sufficient to identify the presence of infection.
In vitro radiolabelling of leucocytes requires special equipment, is time-consuming, and involves direct handling of blood products, with all its associated hazards both to personnel and to patients. These limitations can theoretically be overtaken by other imaging techniques available for direct detection of infection. 18 Fluorinedeoxyglucose (FDG) is a radiotracer for positron emission tomography (PET), which accumulates in metabolically active cells such as inflammatory cells. FDG-PET has demonstrated a good accuracy for the detection of bacterial infection. 24 Accumulation of FDG is, however, frequent in non-infected grafts or material, wherein chronic aseptic inflammation is taking place, and difficult to discriminate from an infectious process. 25 Several radiotracers have also been developed for in vivo direct labelling of granulocytes or detection of germs, but none of them has yet demonstrated a higher specificity than radiolabelled leucocyte imaging. 26 Future developments of radiolabelling of leucocytes with PET radiotracers 27, 28 could help to improve the sensitivity and spatial resolution of Figure 3 Representative example of a patient with mild signal by LS. A 28-year-old woman was admitted for massive mitral regurgitation caused by an acute endocarditis and underwent urgent replacement of the mitral valve with biological prosthesis. Antibiotherapy and anticoagulation were started immediately after the intervention. Two weeks later, a 13-mm-large mobile mass appended to the mitral annulus associated with a thickening of the aorto-mitral trigone (A, white arrowheads) was detected by TEE. Only mild and focal accumulation of radiolabelled leucocytes was detected in cardiac area (white arrowheads) on anterior (B) and oblique (C) planar scintigraphic acquisitions and co-localized with the cardiac area (red crosses) on axial (D), coronal (E), and sagittal (F) views of reconstructed fused SPECT/CT images. Antibiotic and anticoagulation treatments were pursued. Two weeks later, the mass was not present anymore by TEE. The patient remained asymptomatic and did not present any recurrent endocarditis 36 months later.
this technique, which are particularly important when studying small and moving cardiac structures.
Limitations of the study
This study deserves several comments. First, this study was performed in a single department of nuclear medicine. Radiolabelling of leucocytes and analysis of LS require specific experience and should only be performed in trained centres. Secondly, the presence of quantitative, in addition to qualitative, criteria would help for LS interpretation. The definition of quantitative criteria has been attempted on planar images acquired 24 h after the radiolabelled leucocyte injection in this study, but the presence of nonspecific leucocyte accumulation in the bone marrow of the ribs and sternum hampered reliable quantification of activities present in the cardiac area. Thirdly, few patients in this study were operated with negative LS and presented aspects of drained abscess appearing as pseudo-aneurysm intra-operatively. Indeed, natural evolution of abscesses is towards drainage. Once abscesses are drained, leucocytes do not accumulate anymore in tissues. Drained abscess can, however, cause severe prosthetic dehiscence requiring cardiac surgery. Indeed, one patient included in this study had only mild activity with LS, but developed a large valvular dehiscence requiring cardiac surgery 2 months later. This limitation should be known when using LS for the evaluation of patients with a suspicion of PVE. Fourthly, this study is retrospective.
Results of LS were transmitted to the referent physicians of the patients as help for clinical decision, but could have influenced the final strategy. Evaluation of the impact of LS in patient management seems, however, difficult to perform prospectively in patients with a suspicion of non-complicated PVE, because these patients are rare and the clinical decision is influenced by many other parameters in addition to results of LS.
Conclusions
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